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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a composite 
material having excellent low thermal expansibility. 

SOLUTION: The method for manufacturing the composite material is 
characterized by having a filling step of filling a SiC powder in dies as a 
dispersion material, a preheating step of preheating the dies to a reaction 
initiation temperature or higher, at which a molten metal of a matrix metal 
containing Al as a main component and SiC particles start the reaction, and a 
teeming process of teeming the molten metal of the matrix metal having a 
temperature equal to or higher than the reaction initiation temperature, into 
the dies after the filling process and the preheating process, pressurizing it, 
and impregnating the molten metal among the SiC powders. The molten metal 
temperature and the preheating temperature, both of which are made to be equal 
to or higher than the reaction initiation temperature, make the substance with 
low thermal expansibility crystallize or generate, to provide the composite 
material with low thermal expansibility, without greatly reducing thermal 
conductivity. The composite material is particularly suitable for a heat sink 
member for electronic instruments. 
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* NOTICES * 

JPO and INPIT axe not responsible for any 

damages caused by the use of this translation. ' 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the manufacture approach of composite material that the SiC 
particle distributed aluminum in the matrix metal used as a principal component. It is related with the 
manufacture approach of the composite material which fitted the radiator material for electronic equipment 
which radiates heat outside in the heat of the electronic equipment which consists of a semiconductor chip 
etc. especially. 

[Description of the Prior Art] The module which arranged a high integrated semiconductor chip and them on 
the substrate at high density is used for control of various devices. If the operating temperature limits are 
appointed and the range is exceeded, in order for devices, such as a semiconductor chip, to usual y cause 
incorrect actuation, generation of heat from a semiconductor chip etc. needs to radiate heat suitably. 
Therefore, radiator material, such as a heat sink, has been prepared in the inferior surface of tongue of a 
semiconductor chip or a substrate from the former. Therefore, such radiator material needs the outstanding 
high temperature conductivity. . 
[0003] Furthermore, it is called for that radiator material has low-fever expansibility in addition to the high 
temperature conductivity. It is for controlling the heat distortion by the radiator material itself, exfoliation (for 
example, exfoliation of solder) with radiator material, a semiconductor chip, or a substrate, etc. 
[0004] When metals, such as aluminum (aluminum), are alone used as radiator material, it is difficult to 
reconcile high temperature conductivity and low-fever expansibility. Although both properties can be made to 
balance by high order origin when Si system ceramic ingredients, such as SiC, are used, it is [ a ceramic 
simple substance ] deficiently weak to an impact to toughness. Especially, the crack of radiator material, 
breakage, etc. may be produced by the impact which joins radiator material at the time of use etc. at the 
time of with a group at the time of processing. . 
[0005] Then, in order to satisfy high temperature conductivity, low-fever expansibility, high-reliability, etc 
with sufficient balance, metal-ceramic composite material is used for radiator material. For example, JP.11- 
228261 A, JP.1 1-1 16363.A, or JP.1 1-140560.A has the indication of such a composite material. Each of 
such composite material infiltrates the molten metal of a matrix metal into the preforming object (preforming) 
which fabricated the ceramic powder which mixed the binder and was calcinated with high pressure, and is 
manufactured. 

[0° 06 ] • , 

[Problem(s) to be Solved by the Invention] By the way, in the case of the conventional composite material, 

the molten metal temperature of the matrix metal infiltrated into preforming etc. was chosen in consideration 

of the impregnating ability, handling nature of a molten metal, etc. And the thermal conductivity and 

coefficient of linear expansion of composite material which were obtained were influenced with extent of 

sinking [ of a molten metal ] in etc., and were a thing of extent of the metal and ceramics which are the 

material of construction which is got blocked and follows the rule of mixture mostly comparatively. 

[0007] However, this invention person newly found out being influenced by the preheat temperature of the 

metal mold with which the coefficient of linear expansion of composite material etc. was filled up with the 

molten metal temperature and the ceramic particle of a metal matrix in addition to the mere rule of mixture, 
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as a result of repeating various experiments. 

[0008] This invention is made in view of such a situation. That is, it aims at offenng the manufacture 
approach of the composite material which consists of a metal-ceramic composite material compatible [ in 
thermal conductivity and thermal-expansion nature ] by high order origin more than before using this 
knowledge. 
[0009] 

[Means for Solving the Problem] this invention person did further research based on said knowledge 
Consequently, the matter (the "low-fever bulkage" being called hereafter.) of low-fever expansibility being 
crystallized or generated, and high temperature conductivity being maintained, when it contacts above 
temperature predetermined in a matrix metal (aluminum) and a ceramic particle (SiC), it checked that the 
thermal-expansion nature of the whole composite material fell, and this invention was completed. 
(The manufacture approach of composite material) Namely, the manufacture approach of me composite 
material of this invention In the manufacture approach of composite matenal that the SiC particle distributee! 
aluminum in the matrix metal used as a principal component The preheating process like the packer who nils 
up metal mold with SiC powder which carries out preheat temperature of this metal mold to more than the 
threshold reaction temperature to which the molten metal of said matrix metal and the SiC particle in this SiC 
powder start a reaction, It is characterized by having the teeming process at which molten metal 
temperature carries out teeming of the molten metal of this matrix metal that is this more than threshold 
reaction temperature, pressurizes it at the metal mold after this preheating process, and this packer 
infiltrates this molten metal into this SiC powder. 

[0010] By the manufacture approach of this invention, preheat temperature which can be beforehand set like 
a heat process, and molten metal temperature in a teeming process were carried out more than the 
threshold reaction temperature to which the molten metal of a matrix metal and the SiC particle in SiC 
powder start a reaction. Consequently, it succeeded in reducing the expansion coefficient, without reducing 
the thermal conductivity of composite material greatly. Although the detail of this mechanism is not 
necessarily certain, the low-fever bulkage (Si and aluminum4C3) is considered to newly carry out 
crystallization, generation, etc. by the interface of a SiC particle and a matrix metal etc. Therefore, the 
"reaction" as used in the field of this invention is cooling and the coagulation process following a teeming 
process or it, and means the condition of enabling the effective appearance of the low-fever bulkage. That 
is, not only a chemical reaction but the elution to the inside of the metal matrix of SiC etc. is contained in a 
rGsction her© 

[001 1] Threshold reaction temperature is 800 degrees C or more in general, although it is dependent also on 
the presentation of a metal matrix. Preheat temperature or molten metal temperature can be independently 
chosen from 800 degrees C, 850 degrees C, 875 degrees C, 900 degrees C, 925 degrees C, 950 etc. 
degrees C, etc. there, respectively. It is more suitable, if said preheat temperature and said molten metal 
temperature are more specifically made into 850-1000 degrees C when said matrix metal is pure aluminum 
or aluminum alloy which contained aluminum more than 90 mass %. It is because the reinforcement of metal 
mold falls and the deformation of having made the upper limit of preheat temperature into 1000 degrees C 
becomes large and is not desirable, either, if it exceeds 1000 degrees C. Moreover, although there is no limit 
special to the upper limit of molten metal temperature, it is not economical that it maintains exceeding 1000 
degrees C. 

[0012] In addition, the preheating process concerning this invention should just be heating metal mold and 
SiC powder before initiation of a teeming process beyond predetermined temperature. Therefore, a packer 
may be beforehand started like a heat process not only for after termination but for a packer from before the 
initiation inside or like a packer. 

[0013] By the way, in this invention, since the preheat temperature and molten metal temperature of metal 
mold and SiC powder are high enough, even if the molten metal of a matrix metal contacts metal mold and 
SiC powder, the molten metal does not solidify easily but sufficient sinking in of it to the SiC powder of a 
molten metal is attained in a teeming process. That is, generating of the non-sunk in section constituting the 
cause of a thermal conductivity fell of composite material is controlled and prevented. 
[0014] Moreover, it sets like a packer, direct SiC powder is filled up With the manufacture approach of this 
invention into the cavity of metal mold, and shaping of a preforming object (preforming), a baking process, 
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etc. are not needed. For this reason, a highly efficient composite material is efficiently obtained by low cost. 
Moreover, since manufacture of preforming is omissible, it is prevented that the binder of low-fever 
conductivity or high temperature expansibility etc. mixes in composite material. 
[0015] ■ ..,.*„ 

[Embodiment of the Invention] Next, an operation gestalt is mentioned and this invention is explained more 
to a detail. 

(1 ) That with which even one kind of powder mixed two or more sorts of powder is sufficient as the SiC 
powder with which a packer sets like a SiC powder packer and it is filled up to metal mold. As compared with 
matrix metals, such as aluminum, coefficient of linear expansion of SiC is small for whether your being 
Haruka, and its thermal conductivity is large. Then, the low-fever expansibility of composite material and 
high temperature conductivity can be reconciled, so that it is filled up with many SiC powder into a matrix 
metal (so that a filling factor is enlarged). 

[0016] However, the thermal conductivity (thermal conductivity) is influenced by not only the filling factor out 
the area of the interface formed between a matrix metal and a SiC particle. Therefore, it is desirable to 
reduce the area of an interface, while gathering a filling factor, when acquiring the high temperature 
conductivity of composite material. If a SiC particle with big mean particle diameter is only distributed, 
although the area of an interface becomes small, a filling factor will also fall and a desired coefficient of 
linear expansion will not be obtained. If a SiC particle with small mean particle diameter is distributed, even if 
it can enlarge a filling factor on the other hand, the area of an interface becomes large and thermal 
conductivity falls. Moreover, it is easy to condense the SiC particle with not much small mean particle 
diameter, and it reduces a filling factor on the contrary. 

[0017] Then, in addition to the above-mentioned manufacture approach, this invention person also 
developed the SiC powder which can make the further low-fever expansibility and the further high 
temperature conductivity balance by high order origin. That is, when SiC powder was constituted from SiC 
coarse grain with large mean particle diameter, and a SiC particle with small mean particle diameter and the 
mean-particle-diameter ratio [ as opposed to the SiC particle of 1 .5-4, and SiC coarse grain for the volume 
ratio to the SiC particle of the SiC coarse grain ] was set to 1 0-1 5, the more desirable thing was found out. 
And it also turned out that it is good to make the filling factor at this time (SiC powder when making the . 
whole composite material into 100 volume % comparatively) into 65 to 75 volume %. More desirably, if 2-3, 
and a filling factor are made [ a mean-particle-diameter ratio ] into 68 to 72 volume % for 11-14, and a 
volume ratio, it is more suitable. 

[001 8] Moreover, it is suitable, if the mean particle diameter of a SiC particle is said concretely, mean 
particle diameter of SiC coarse grain will be set to 50-300 micrometers and mean particle diameter of a SiC 
particle will be set to 5-30 micrometers. It is more desirable when mean particle diameter of SiC coarse grain 
is set to 50-200 micrometers and 75-150 micrometers further 75-125 micrometers. Moreover, it is more 
desirable when mean particle diameter of a SiC particle is set to 5-20 micrometers and 5-15 micrometers 
further 7-10 micrometers. 

[0019] Here, mean particle diameter is the average of the particle size measured using the sieve-analysis 
method and the electric resistance method (JIS R6002). 

[0020] In addition, the generation method does not ask such SiC powder that SiC coarse grain and a SiC 
particle should just be intermingled. SiC may be ground mechanically or chemically, and may be generated 
and the commercial SiC powder with which mean particle diameter differs may be mixed. Moreover, this 
composite material or SiC powder may also contain the 3rd particle other than a SiC particle and SiC coarse 
grain (a SiC particle, another ceramic particle, etc. from which particle size differs) in the range which does 
not deviate from the meaning of this invention. 

(2) The molten metal temperature of a teeming process metal matrix is as having mentioned above. In the 
case of this invention, since molten metal temperature is high enough, the impregnating ability of the molten 
metal of a between [ SiC powder ] is good. However, unless it pressurizes a molten metal, a molten metal 
does not fully sink in between SiC powder. Then, the pressure of 50 - 150MPa extent is applied to a molten 
metal. For example, if it is the case where the molten metal of said pure aluminum is used, it is desirable 
when the pressure is set to 70-120MPa. 

[0021] As for a matrix metal, what is low-fever expansibility and high temperature conductivity is desirable 
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also after a reaction with SiC, and coagulation. As long as it Is such, especially an alloy element etc. is not 
scrupulous, but if a reaction with SiC is taken into consideration, pure aluminum (98% or more of punty) is 
suitdbl6 for sx3mpl6 

[0022] In addition, it cannot be overemphasized that cooling, a coagulation process, a mold release process, 

a processing process, etc. are carried out a proper sake after this teeming process. 

(3) The composite material obtained by the manufacture approach of radiator matenal this invention for 

electronic equipment is suitable in it being what is used for the radiator material for electronic equipment. 

This radiator material for electronic equipment transmits outside the heat produced from there for heat 

dissipation of electronic equipment. But it is not restricted to the so-called heat sink. For example, it may be 

the member for thermal-expansion adjustment, the receipt case of electronic equipment, etc. where 

intervene between metal heat sinks, such as aluminum alloy, and a ceramic substrate, and heat transfer is 

performed. 

[0023] 

[Example] Next, an example is given and this invention is explained more concretely. tMtmM 
(The manufacture approach of composite material) A 3x50x80mm tabular alummum-SiC composite matenal 
was manufactured using the manufacture approach concerning this invention mentioned above. 
[0024] The SiC mixing powder which mixed two sorts of SiC powder (Showa Denko K.K. make) with wnicn 
the mean particle diameter of a SiC particle differs was prepared ("SiC powder" as used in the field of this 
invention). That is, the SiC powder with which mean particle diameter consists of SiC coarse grain which is 
100 micrometers, and the SiC powder with which mean particle diameter consists of a SiC particle which is 
8 micrometers were mixed at a rate of 7:3 by the volume ratio, respectively (mixed process), and SiC mixing 
powder was prepared. In addition, a mean-particle-diameter ratio is equivalent to 12.5, and, as for this biu 
mixing powder, a volume ratio is equivalent to 2.3. 

[0025] Next, it was filled up to metal mold with the concave cavity which met the configuration of said 
composite material in this SiC mixing powder (like the packer). At the time of this restoration, especially 
pressurization was not carried out and did not mix a binder etc. But if it carries out like the packer, adding 
vibration to metal mold, migration of each SiC particle is promoted within a cavity, and it is arranged so that 
each particle may fill a clearance mutually, and the filling factor of bulk density or composite matenal may De 

[0026] Next,' the molten metal which dissolved pure aluminum (JIS A1050: melting point of 660 degrees C) 
which is a matrix metal was prepared. This molten metal was changed every 50 degrees C within the limits 
of 700-950 degrees C, teeming of the molten metal held to each temperature was earned out from the 
pouring mouth of metal mold, and it pressurized (teeming process). The welding pressure at this time was 
common to each molten metal, and was set to 100-140MPa. 

[0027] In addition, metal mold was beforehand heated at 900 degrees C in front of this teeming process 
(beforehand a heat process degree). Moreover, the same teeming process was performed also with the 
case where metal mold (preheating) temperature is made into 700 degrees C. In this example, metal mold 
was heated by the electric heater and temperature of the metal mold was made into preheat temperature. 
[0028] After carrying out air cooling of the metal mold after these teeming processes and making a molten 
metal solidify (coagulation process), drawing (mold release process) and aluminum-SiC composite matenal 
were obtained for the cast from metal mold. . . 

[0029] Although not carried out in this example, cutting of the composite material obtained if needed is 
carried out, and field roughness, flatness, etc. of a field in contact with electronic equipment can be secured, 
and it can also consider as the radiator material for electronic equipment. 

(Measurement of composite material) About the composite material obtained from various molten metel 
temperature, thermal conductivity and coefficient of linear expansion were measured. The graph which 
plotted [ molten metal temperature (degree C) ] those relation for thermal conductivity (W/m-K) and 
coefficient of linear expansion (x1 0-6/degree C) for the axis of ordinate on the axis of abscissa is shown in 

drawing 1 . .... 
[0030] In addition, a laser flash method heat constant measuring device (vacuum science-and-engmeering 
company make, TC-7000) is used for this thermal conductivity, and it is JIS. It asked by R161 1 . Coefficient 
of linear expansion is machine analysis. TMA120C (SEIKO installment) It asked. 
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[0031] moreover, the filling factor of the SiC mixing powder of each composite material - Archimedes - 
when asked by law, it was about 70% to the whole. 

(Evaluation) From drawing 1 , the composite material obtained when 900 degrees C or more cost especially 
more than 850 deg7e^C(mTeshold reaction temperature of this example) understands that the ^coefficient of 
linear expansion is remarkably low for molten metal temperature by making preheat temper at ure into 900 
degrees C. And at this time, thermal conductivity is more than about 210W/m and K, and it has also checked 
that high temperature conductivity was secured. . n ^ Qffi ^ ion * nf | inMr 

[0032] | On the other hand, when preheat temperature was made into 700 degrees C the coefficient of near 
expansion hardly changed, even if molten metal temperature became high, but maintained the high value. 
This is considered because there was no crystallization or generation of the low-fever bulkage which 
reduces coefficient of linear expansion. n t +h<» 

(Organization of composite material) Next, the organization photograph of the composrte material of the 
above-mentioned example which manufactured preheat temperature and molten metal temperature as 900 
degrees C is shown in drawino2 (a) and this drawing (b). Drawing 2 (a) is the organization Photograph 1 50 
times the scale factor of this observed with the metroscope. The thing of white arborescence (the shape of 
a dendrite) is the crystallization object (crystallization Si) of Si. Drawing 2 (b) is the organization photograph 
1000 times the scale factor of this observed with the metaloscope. It turns out that Si has crystallized 
independently to the interface of the SiC particle which has a large and small particle size. 

[Effect of the Invention] According to the manufacture approach of this invention, the composite material 
which demonstrates lower thermal-expansion nature was obtained by crystallization or generation of the 
low-fever bulkage, maintaining high temperature conductivity. 



[Translation done.] 
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